The paper deals with the variability of mechanical properties of EPSTAL steel rods produced in Polish steelworks, i.e. yield stress Re, tensile strength Rm, and elongation Agt. Our study is based on fundamental engineering static room-temperature tensile tests for large series specimens which have been made by manufacturers as the part of a factory quality control. Statistical analysis of these results shows that the stressstrain relationship of steel tensile tests should be described by a one-dimensional stochastic process, and three the most important mechanical parameters, i.e. the yield stress, tensile strength, and elongation by random variables. Based on the statistical elaboration of experimental data, it was found that the yield stress and tensile strength of steel rods produced in the years 2016 -2017 had the coefficients of variation of less than 3%, and there is a reasonable basis for the manufacturer to increase the characteristic value of EPSTAL steel rods yield stress by a few percentages.
INTRODUCTION
EPSTAL steel is reinforcing steel for reinforced concrete structures. It meets the requirements for the grade of B500SP according to the standards of PN-H-93220 [1] and PN-EN 10080 [2] . It also meets the requirements of class C according to the Eurocode 2 [3] and the class of A-IIIN according to the old Polish standards of PN-B-03264 [4] and PN-S 10042 [5] . The grade B500SP means that the steel is intended for use in construction (B), with the characteristic yield stress of 500 MPa, weldable steel (S), and with increased ductility (P). 1 Prof., DSc., PhD., Eng., Opole University of Technology, Faculty of Civil Engineering, Katowicka The static tensile test is the basic method for determining the strength and strain properties of steel.
Full information on the principle of performing the tensile test of steel, the shape and dimensions of the samples with the determination of the test parameters, i.e. the values of strength, elongation, and narrowing of the samples along with what the test report should contain, is given in the standard PN-EN ISO 6892-1 [6] The purpose of this article is to examine the variability of strength and elongation parameters of EPSTAL steel produced in Polish steelworks, i.e. the yield stress R e , tensile strength R m , and elongation A gt under the highest load. Our study is based on fundamental engineering static roomtemperature tensile tests for large series specimens which have been made by manufacturers as the part of a factory quality control. Statistical analysis of these results showed that the stress-strain relationship of steel tensile tests should be described, in the terms of probability theory, as a one-dimensional stochastic process and three the most important mechanical parameters, i.e. the yield stress, tensile strength, and elongation under the highest load, as random variables. Based on the statistical elaboration of experimental data, it was found, that the yield stress and tensile strength of steel bars produced in the years 2016 -2017 had the coefficients of variation less than 3%, and there is a reasonable basis for the manufacturer to increase the characteristic value of the steel bars yield stress by a few percentage.
TENSILE TEST OF EPSTAL STEEL AS A RANDOM PHENOMENON

DESCRIBED BY A ONE-DIMENSIONAL STOCHASTIC PROCESS
Let us consider an experiment, in which some number (n) of EPSTAL steel specimens of the same diameter is tested to determine their mechanical properties (a static tensile test). For example, for a reinforcing rod with a diameter of 16 mm, after testing ten samples, the following results for the yield stress, tensile strength, and elongation under the highest load are presented in Table 1 .
A question arises: which values should be considered as the yield stress, tensile strength, and elongation under the highest load? For such the question, there is no answer in a set of deterministic quantities, i.e. in a set of quantities that are exactly known. Such the question can be answered only in a set of probabilistic concepts, i.e. using the concepts of the probability theory, which describes random phenomena. Observing such phenomena, we state that in a given test the actual outcomes are (to some degree) unpredictable. Such phenomena are characterized by experimental observations, that are invariably different from one test to another (even if performed under identical conditions). In the case of EPSTAL steel, the main sources of variation in the values of the mechanical parameters R e , R m , and A gt are: the variability of the material properties for the production of ingots, i.e. scrap and ferroalloys (especially the variability of the chemical composition of scrap metal is of decisive importance here and is reflected in the property variation), in the rolling process: the temperature distribution of the ingot on its length and variability of water parameters in controlled cooling after the last rolling stand (pressure and flow). It is possible to control these variations only within certain limits, e.g. by adjusting the water flow to obtain the most uniform strength properties and additionally by setting the appropriate ingot heating strategy to reduce the temperature spread over the band-length. After one tensile test of the steel sample, we obtain a stress-strain diagram which is recorded with the function σ(H). Let us consider the experiment, in which we made 15 tensile tests of steel specimens, and received 15 stress-strain diagrams. Let us assume that we compiled these charts in one common drawing shown in Fig. 1 . From this figure, we conclude that the graphs do not overlap with uncertain, accidental discrepancies between them. Therefore, at the present stage of knowledge, tensile tests of steel samples and stress-strain diagrams derived from them should be described with a one-dimensional stochastic process, which mathematically describes the relationship σ(H,e), where e is an elementary event consisting in a tensile test of a steel specimen.
From an engineering point of view, the following interpretation of the stochastic process σ(H,e) is preferable (Ang and Tang [7] , Chmielewski [8] ):
a) let us suppose that the elementary event e 1 occurred, i.e. we made the tensile test on one specimen and received the function σ(H, e 1 ) = σ (H) (because e 1 is fixed) which we call the implementation of the stochastic process. After doing n tensile tests we get n implementations of the process. Example 15 of implementations are shown in Fig. 1 , b) let H be determine, e.g. H = 1%, and e is variable. Then we get a cross-section of the process which is a random variable. Two sections are important for construction engineers, the first for the yield stress Re, the second for the tensile strength Rm, c) let H be determine and e determine, then we only get a number, that we call the state of the process. Fig. 1 The collection of stress-strain diagrams for 15 steel samples subjected to the tensile test, which constitutes 15 implementations of the stochastic process σ(H, e)
EXPERIMENTAL STUDIES OF RANDOM VARIABLES R E , R M AND A GT , THEIR HISTOGRAMS AND NUMERICAL PARAMETERS
The full probabilistic descriptions of the continuous random variables R e , R m, and A gt are their probability distributions, i.e. cumulative distribution functions or probability density functions. If they are known, on their basis we can calculate the probabilities of possible events, as well as main descriptors of random variables, e.g. mean values, variances, standard deviations, etc.
In order to learn the aforementioned values and properties, it is necessary to collect experimental data which in our case is performed by producers as part of factory quality control. For the authors, the above data is the basis for statistical inference for the needs of civil engineers.
Statistical inference includes the following steps:
collecting n experimental data for each random variable which we call a trial, preparing histograms and calculating selected main descriptors for them, adopting the theoretical probability distribution and conducting its verification on the basis of statistical tests.
In order to investigate the variability of the strength and elongation parameters of EPSTAL steel reinforcing bars, the following assumption regarding the number of samples was adopted. The 
CHARACTERISTIC VALUES OF THREE RANDOM VARIABLES R E , R M , AND A GT OF EPSTAL STEEL
The standard PN-EN 1990 (2004 which is the basic standard of construction engineers, in Section 4.2 "Properties of materials and products" gives the following definitions of material properties:
(1) It is recommended that the material properties (including soil and rock) or products are determined by their characteristic properties.
(2) Unless otherwise stated in EN 1991 to EN 1999: when the lower material value is unfavorable, the characteristic value is to be set as 5% quantile.
On the basis of the above mentioned standard, the characteristic strength of random variables of yield stress and tensile strength which we refer to as R e,5% and R m,5% , is defined as follows: "these are strength values below which 5% of the population of all possible strength determinations can be found", i.e. the values of both strengths achieved by a minimum of 95% of the samples tested for a given series of trials . In a similar way, we define the characteristic value of the variable of the elongation Agt. From the probability calculus, the characteristic value of the continuous random variable F is defined precisely as the quantile of 0.05 (5%).
For the probability density function the characteristic value is defined as .
Graphical interpretation of Eq. (1) is shown in Fig. 2 . Histograms of the yield stress, tensile strength and elongation under the highest load for reinforcing steel bars of other diameters, i.e. 10, 12, 20, 25, 28, and 32 mm, were also constructed, and their main descriptors were calculated. Yield stress experimental descriptors are presented in Table 2 . 
CONCLUSIONS
EPSTAL steel producers perform static tensile tests of steel samples thousands of times per year (several hundred times for some diameters) as part of the factory quality control. These are multiple tests, repeated under the same room-temperature conditions, giving different results. There is, therefore, a full basis for a probabilistic description of the mechanical parameters of EPSTAL steel bars which are presented in this paper. On the basis of statistical elaboration of data concerning these parameters from the last two years, i.e. 2016 and 2017, the following conclusions were formulated:
1. The tensile testing phenomenon of EPSTAL steel samples should be described by a one-dimensional non-stationary stochastic process σ(H,e).
2. Mechanical properties of steel rods, i.e. the yield stress, tensile strength, and elongation should be described with continuous random variables. The histograms of these parameters, for individual diameters and static tensile tests recorded in the years 2016 -2017 were constructed. For the purpose of illustration, several histograms are shown in Figs. 3 through 10 . The estimators of the main descriptors of these three random variables were also calculated. Yield stress experimental descriptors, for rods with different diameters and collectively for all diameters, are presented in Table 2 . 
The coefficients of variation
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